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US Energy in Buildings

Electricity — 70% for Buildings

Industry

32% Buildings

40%

$370 Billion Annually

Transport
28%

Total US Building Envelope Energy Loss:
14.1% of Energy in US Economy and about 3.5% of the world.

$133 Billion Annually



Building Consumption —
Envelope Relationship

Has Impact on
57% of Loads

Heating
23%

Other
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Computers
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Appliances
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Cooling
13%

Electronics
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Water Heating
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Lighting
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Building Technologies Goal

Net-Zero Energy Buildings by 2025
Net-Zero Energy Homes by 2020

L ow Incremental cost.



Moving to ZEB will require significant technical
advances to meet performance and cost targets

A

Cost

Today's Costs

Current
Technology and
Cost Reduction

R&D

Target Costs

100%

Energy Use



Zero Energy Homes

Energy

Typical 2200 sq. ft. Demand

home - $1600yr —__

2002 Energy Star/

at 15% savings

Zero Energy Bills

Purchased

Energy
Building America goal: Solar

60-70% energy savings . Supply

2000 ZEH-30 ZEH-75 ZEH-100

ZEH-100 Saves 100% of Traditional Household Energy Use



DOE Policy on Green Buildings,
Sustainability, Embodied Energy,
Disposal, etc

Primary focus has to
be energy efficiency,
and other issues are
secondary

Renewable is essential
for ZEB but energy
efficiency has highest
ROI



Major Areas of Building Technology Program

 Emerging Technology (Component R&D)
— Lighting R&D (Solid State Lighting)
— Envelope R&D (Windows and Thermal Materials)
— HVAC and Water Heating R&D

» Residential Integration (Building America)

« Commercial Integration (National Accounts)

— Retail, Schools, Office Buildings, etc
— Energy Plus Software

e Technology Validation & Market Introduction

— ENERGY STAR
— Building Code Deployment

« Appliance and Equipment Standards



Moving Product Performance Forward
with Energy Efficiency Policies

Transforming the Market
Building Market

Codes and -, Conditioning
Standards

)

# of

Units - Information

- Incentives
- Qutreach

- Leadership

Energy Efficiency (Metrics)



Policies — Commercialization Path

Market Mainstream .
R&D Introduction Deployment Regulation
Voluntary Mandatory
Audits /|
ESCOs
Mandatory __|
Technology Financial __ Requirement -
Procurement Incentives Building Codes
Traditional Demonstration of v Rating and ¥ Labeling For ¥
R& D Case Studies Labeling Program Compliance
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Total Building Envelope and
Window R&D Budget

Administration
Budget Request

Enacted Appropriations/
Labor Buying Power

FY 01 12.3 M 11.5M Base
FY 02 4.4 M 11.5M
FYO03 51M 8.3M
FY04 5.1M 8.2M
FYO5 5.0M Windows 5.8M Windows
O Envelope 2.8M Envelope
FYO6 5.0M Windows *3.8M Windows (*earmarks)
0 Envelope 2.9M Envelope
FYO7 4.7M Windows 4.7M Windows
2.4M Envelopes 2.4M Envelope
FYOS8 4.7M Windows 4.7M Windows 7.1M <38%
2.4M Envelopes 2.4M Envelope Labor <54%
FY09 5.2M Windows TBD

3.4M Envelopes
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BT FYO9 Request 124M

FYO9 Appropriations Committee Report
BTP Area House Senate
Commercial +20M +27M
Solid State Lighting |+5.9M +10M
Deployment +13.3M +9.7M
Standards +5M
Residential +5M
BUILDINGS TOTAL |+44M +52.7




Buildings as the Integrator

Renewable Energy, Building Technologies, and
Transportation become Fully Integrated with ZEBs

Building
Technologies

PV and SoJar Hot
nologies

Efficiency Technologies
& Building IRtegration

Combined Heat and
Power Technologies

Distributed
Energy

Fuel Cell, Hydfogen
Infrastructure, Plug in Hybrids

Transportation
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Electric/Electric Hybrid Plug-in

Building Sector
can free up
electricity capacity
for transportation

Envelope can play
a major role in A/C
reduction
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Natural Gas for Transportation

Saving energy In building envelope can provide
natural gas capacity for the transportation sector
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Future for Windows and Facades

* Next generation

window — highly Prototype — Concept
. . INAow
Insulating and (Highly Insulating

L d D -
dynamic T s

SHGC 0.04 - 0.34
e Can be net energy Low cost unsealed

gainers in cold and center lite
mixed climates

* Integrated
commercial facade
systems

o PV Solar facadeS, Integrated PV Glazing
opague and
transparent
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Dynamic Window Field Trials —

Collaboration with Industry

Project Results

* Cooling Energy
Savings up to 20%
* Peak Demand
Savings up to 26%

* Human factors
evaluation

Commercial

Residential
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Dynamic Windows — Now Market Ready
Prices will drop with more R&D and investment

CT, September 2008
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Thermal Envelope R&D

* Advanced walls to
reach R 20 in 3.5”
cavity, exterior
Insulation systems,
R30 total wall

e Next Generation of
Attic/Roof System to
save 50 Percent
Energy

e New Material
Development

— Phase change insulation

— Higher performing foams and
aerogels

— Dynamic membranes

NNNNNNNNNNNNN

CCCCCCCCC

CCCCCCCCC
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Next Generation of Roofing/Attics
* Integrated solutions for building type and climate

» Key elements to develop and integrate
— Cool Roofs (lighter colors and infrared (IR) Blocking Pigments)
— Thermal Mass
— Above Deck Ventilation
— Radiant Barriers
— Location and Higher Performing Insulations
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Existing Building Stock - Retrofit Applications
— Applied Films, EIFS, etc
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Conduct Enabling Research
» Test protocols

e Design guidelines

* Modeling tools

 Industry standards

 Education Materials
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Enabling Research

Standards Development
« ASTM

— C16 on Thermal Insulation

- Test methods and practices, material specifications ( /
— E6 on Performance of Buildings ,"T;#A!f!m
- Windows, wall systems, roof systems Standards Worldwide
« ASHRAE
— Building Materials and Building Envelope Performance (T.C. 4.4)
— Energy Calculations (T.C. 4.7) ‘C@\

— Moisture Management (160P) - Design Criteria for Moisture Control
— Moisture Management in Buildings (T. C. 1.12)

 International Energy Agency

— Annex 41 on Moisture in Buildings

 International Council for Research and Innovation in Building

and Construction
— CIB W40 Heat and Moisture Transfer in Buildings @
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Hygrothermal Model Available

www.ornl.gov/sci/btc/moisture
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DOE Software Tools:

Predict performance of new
product concepts and
existing product lines

Thermal, Optical, Energy
Performance Analysis

1ISO 15099 Compliant

Simulation (compared to
Testlng) IS:

LBNL team

THERM

(Window
Frame

& Edge)

WINDOW

(Whole Window)

Cheaper

Faster

More consistent
More accurate

COMFEN

(Whole Building
Commercial)

RESFEN
(Whole Building)

http://windows.Ibl.gov
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NFRC Ratings

Software used to
calculate properties on
NFRC labels (200,000+
products rated)

NFRC is the basis for
policy implemenation

Currently, about 80
percent of residential
windows are rated by
NFRC

Software to simulate
performance rather than
expensive testing

1
& World's Best
NFRC)E Window Co.
E Millennium 2000+ Casement
Vinyl-Clad Wood Erame
Mational Fenestration Double Glaze = Argon Fill = Low E
Rating Counc

CERTIFIED

ENERGY Performance

+ Epargy savings will depead on your gpecilic climals, house and |ifestyle

# For mare Information, call [manufacturer's phome namber] or visit NFRC's
weh site at www.nirc.ong

- EETER T
™ 31 45 60 .3

Manufecturer stipulates that these retings conform 1o spplicable ARG procecures for determining
whale product energy performance. NFRC ratings ane debermined for 2 foed set of nvironmental
cond®ions and specific product sizs
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Voluntary Label:

Support ENERGY STAR

ENERGY STAR
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EDUCATION

Tools for Energy Efficient Windows in Commercial Buildings

Handbook for Architects and Engineers:
Window Systems for High Performance Buildings

Web Site with Decision Making Tools
for Architects and Engineers

http://www.commercialwindows.umn.edu
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EDUCATION

Over 40,000 users per month
www.efficientwindows.org

29



Consumer/Builder Information

http://www.ornl.gov/sci/roofs+walls/insulation/ins_01.html
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Asia-Pacific Partnership on Clean
Develoment and Cllmate

Japan Republic of Korea  United States

Working with APP countries, ASEAN, and Middle
East to support US companies for the sale and

Investment in manufacturing of efficient envelope
products abroad.

Major products being promoted, low e glass,
window films, cool roofs, EIFS, insulation, etc.
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How DOE works with private industry

e Conducts competitive solicitations for direct
funding, 20 percent cost share required

 Formal agreements with National Laboratories,
Cooperative Research and Development
Agreements (CRADAS), protects existing
intellectual property (IP) and manages new IP

e Informal collaboration when IP I1s not an issue,
support through testing, advice, etc - easy to get
started

« Case studies and partnerships
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Major Areas of Unaddressed Opportunities
o Competitive solicitations for private industry
 R10 windows
* In-depth performance validation and case studies
e Dynamic envelopes
 New Materials
e Daylighting and integrated facade systems

* Product development for products and technigues
focused directly on the retrofit market
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Key Conclusions
* Envelope can play a major role to achieve ZEB

o Greater Industry role In setting priorities needed

e Envelope industry interaction with the Federal
government is limited

e Global movement on climate and recent interest
In Green construction could accelerate activity
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Contact Data
P. Marc LaFrance, CEM

US Department of Energy
EE-2J

1000 Independence Ave, SW
Washington, DC 20585-0121
(202)-586-9142
marc.lafrance@ee.doe.gov

www.govforums.org/e&w/

http://www.eere.energy.gov/buildings/
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